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Abstract 
This study investigate the role of metallic cations on desorption level of phenanthrene and fluoranthene from long-
term contaminated soil particles. Based on Pearson principle and calculation results of Gauss03 software, 
phenanthrene is soft base and fluoranthene is borderline base. Phenanthrene and fluoranthene desorption could be 
improved by Ba2+, Al3+, Ca2+ acidic cations, but the tendency decreases with the metallic cations hardness. Hg2+,
Ag+ played an inhibition role on the target pollutions desorption. Compared with the other two metallic cation types, 
borderline acidic metallic cations can be considered as the first choice to promote the targets desorption from the 
long-term contaminated soil particles. 
© 2010 Published by Elsevier Ltd. 
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Introduction 
Polycyclic aromatic hydrocarbons (PAHs) contamination is an inevitable outcome of fossil fuels 
utilization and refining during the industrial developments. These organic chemicals possess toxicity and 
carcinogensis and not easily removed from the long-term contaminated soils. So it is a vital work to 
investigate desorption activities and corresponding mechanisms to service remediation of the 
contaminated soil [1-4]. 
Transfer of PAHs in soil is mainly controlled by the organic matter present in the particles. However, 
if the organic matter content is too low, it would not be the key influencing factor [5]. In this condition, 
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the organic pollutions desorption will be mainly controlled by the solutions ion strength, ion species and 
pollutions differences. Lee and Kuo have indicated that, the effects of ionic strength on trends of binding 
constants variation remain unclear [6]. Luo and Liu concluded that a higher ionic strength would change 
the form of dissolved organic matters and reduce the adsorption ability of soil with high organic matter 
content, but adsorption of nitrophenol increased [7, 8]. In addition, speciation of ions is vital to the effect 
of ionic strength. Ragle ea al. compared the effects of different cations on the binding of pyrene and the 
solutions fluorescence intensity variety due to the cations variation [6, 9]. At present, most studies focus 
on effects of ionic strength and adsorption of organic contaminates. Our study was mainly designed to 
investigate the types and interaction of metallic cations and PAHs.  
1. Materials and methods 
2.1 Samples 
All soil samples were taken from a local coking plant. After freezing dried and impurity elimination, 
all samples were grounded by high speed disintegrating machine, sieved through 0.25mm mesh and 
freezing stored in dark for further analysis. Some basic physiochemical characteristics of the soil samples 
and background concentration of phenanthrene and fluoranthene in soil are listed in Table 1. 
Table1. Physicochemical characteristics of samples and background concentrations of phenanthrene and fluoranthene in soil 
Sample SOM CEC pH phenanthrene fluoranthene 
 /% /cmol•kg-1  / mg•kg-1 / mg•kg-1 
L1 1.18 110.78 7.43 1.272 5.821 
L3 0.88 162.45 7.99 0.885 0.262 
2.2 Chemicals 
0.01, 0.05 and 0.1mol•L-1 KCl was used as desorption solutions for ion strength section on desorption of 
phenanthrene and fluoranthene. 0.05 mol•L-1 solutions of AlCl3, BaCl2, CaCl2, CuCl2, FeCl3, FeCl2, 
HgCl2, ZnCl2, AgNO3 were prepared for section of cation type effects on target pollutions desorption. 
1.25 mg•mL-1 NaN3 was prepared as bacteriostatic agent. 
2.3 Experiments 
Three grams soil sample was added into each 50ml polytetrafluoroethylene (PTFE) centrifuge tube with 
29ml KCl and 1ml NaN3. All tubes were placed in a constant temperature vibrating incubator at 25℃ and 
shaken with 140 r•min-1. Solutions were separated and target pollutions were extracted every 24h. The 
tubes were refilled and repeated seven times within a week.  Fe3+, Ag+ chloride solutions were used to 
check the key factors on phenanthrene and fluoranthene desorption from sample L3. Specially, solutions 
of the 4th, 5th day with distilled water. Under the same condition, Ba2+, Al3+, Ca2+, Hg2+, Ag+, Cu2+, Zn2+, 
Fe2+ solutions were also used to study effects of metallic cation types on target pollutants desorption. 
2.4 PAHs extraction and HPLC analysis 
Desorption solutions were separated by centrifuging at 4000 r•min-1 for 20 min at 25 ℃ and clear 
supernatants were moved into 40ml glass tubes. Phenanthrene and fluoranthene were extracted by the 
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reverse phase C-18 columns and washed with a 8:6 (v/v) mixture of dichloromethane and hexane. The 
elutes were blew dry by nitrogen at 35℃ and dissolved with 5ml acetonitrile. The acetonitrile solutions 
were placed into ultrasonic washer 10min at 25℃ and 40KHz frequency, blow to less than 2 ml and 
constant volume is 2 ml. All samples were freezed at 4℃ before HPLC detecting. Concentrations of 
targets were determined using HPLC equipped with a reversed phase C-18 column and an UV-visible 
detector at 254nm. 20 μL samples were injected. External standard method was used for phenanthrene 
and fluoranthene quantification. 
2. Results and discussion  
2.1.  Ionic strength   
Concentrations of phenanthrene are higher than fluoranthene in each desorption solutions (Fig.1). Under 
various ion strength conditions, single desorption differences are 7.38×10-4-3.22×10-3(0.01mol•L-1), 
4.58×110-4-4.15×10-3(0.05mol•L-1), 9.53×10-4-2.64×10-3(0.1mol•L-1). One reason is due to the different 
solubility of target pollutants. Because the larger carbon number and higher lipid solubility of 
fluoranthene [10, 11]. It is closely bonded with soil particles and not easily desorped. The results also 
show reducing tendency of the targets desorption concentrations with the ion strength increasing during 
the early stage. And there is also a slightly opposite tendency in the later stage. In general, the differences 
of phenanthrene and fluoranthene were not significant of single desorption. It indicated that ion strength 
is not the controlling factor of target pollutions desorption in our experiment. 
 
 
 
 
 
 
 
 
 
Fig.1. Desorption of phe (left) and flu (right) from contaminated soil under solution with different ion strength 
2.2. Metallic species 
Fig.2 shows desorption of phenanthrene and fluoranthene from sample L3 with high cation exchange 
capacity and low soil organic matter quantity. There are obvious differences between phenanthrene and 
fluoranthene concentrations in Fe3+、Ag+ cation solutions during the early stage. And it is much more 
significant for fluoranthene. More fluoranthene desorped and even exceeded the concentrations of 
phenanthrene when desorpted with distilled water. It exited much earlier for phenanthrene. The initial 
situation would come back with the reusing of cation solutions. This indicated the cation species is the 
controlling factor on the targets desorption differences.  
2.3. Characteristics of metallic cations and PAHs 
 According to the principle of “Hard and Soft Acid and Base”, all metallic cations referred in this study 
could be classified into hard, soft and borderline acids and bases [12, 13]. Acid bond parameters of the 
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cations referred as follows:Ba2+(12.56), Al3+(12.00), Ca2+(11.04) are hard acids, Fe3+(0.26), Cu2+(-13.02), 
Zn2+(-0.59), Fe2+(-5.94) are borderline acids, Hg2+(-10.16), Ag+(-13.16) are soft acids [14, 15].  
Base on Mulliken principle, molecule electronegativity (χ) could be calculated by first ionization 
potential (I) and electron affinity (A), χ=-(I+A)/2. According to Koopman theorem, I≈-EHOMO, A≈-ELUMO 
[16-19].EHOMO and ELUMO values of Phenanthrene and fluoranthene are -0.03751, -0.21569 and -0.06605,-
0.21776. χ values of phenanthrene and fluoranthene are 2.647 and 2.967. In terms of Pearson division 
standards, χphe<2.8, it is soft base, and 2.8<χflu<3.0, it is borderline base [20]. 
 
 
 
 
 
 
 
 
 
Fig.2. Desorption of phenanthrene (left) and fluoranthene (right) from soil particles by Fe3+, Ag+ solutions. 
2.4. Cation types on PAHs desorption 
2.4.1. Hard acid 
Fig.3 shows desorption differences of phenanthrene and fluoranthene decreased with the cations order 
Ba2+, Al3+, Ca2+. The differences show a closing tendency and the time of the closing point gets much 
shorter with the variety of cations hardness. 
 
 
 
 
 
 
 
 
Fig.3. Desorption of phenanthrene and fluoranthene by solutions with Ba2+(A), Al3+(B), Ca2+(C) metallic cations. 
 Phenanthrene is a soft base and base on the HSAB principle, the stability between hard acid and soft 
base is weaker than hard acid and hard base. This made a big part of the desorped phenanthrene can not 
be adsorbed back onto the soil particles during the dynamic desorption process. Hardness of acidic 
cations influenced desorption level of the soft base phenanthrene. Fluoranthene is classified into 
borderline base. It could interact with both soft and hard acid. The action intensity of borderline base and 
hard acid is weaker than the situation of soft base with hard acid, stronger than hard base with hard acid 
[12, 13]. Desorption concentration of fluoranthene also increase with the increase of hardness of acid 
metallic cations. However, compared with phenanthrene, the desorption concentration difference is 
smaller from the beginning to the end. 
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2.4.2. Soft acid 
The phenanthrene concentrations at the beginning and end points of the desorption process with Hg2+、
Ag+ metallic cations were 8.68×10-3, 3.3×10-3 and 7.58×10-3, 1.91×10-3 mol•L-1, respectively. For 
fluoranthene the values were 4.39×10-3, 0 and 4.19×10-3, 3×10-4 mol•L-1 (Fig.4). Even compared with 
the corresponding situation of Ca2+, the desorption concentrations decreased by 30.22%,25.28% and 
39.07%, 30.72%, and 24.86%, 100% and 28.33%, 82.95%. This made desorption of soft base 
phenanthrene hard to proceed. It also causes a big part of desorbed targets easily be adsorbed back onto 
the soil particles [21]. 
 
 
 
 
 
 
 
 
Fig.4. Desorption of phenanthrene and fluoranthene by solutions with Hg2+ (left), Ag+ (right) metalic cations. 
 Soft acidic hardness of Ag+ is higher than that of Hg2+, so it made phenanthrene not easily desorbed and 
the resulting concentration lower. On the other hand, the charge number and radius ratio value of 
Hg2+(2/0.102) are bigger than that of Ag+ (1/0.115) [22]. There were much more adsorption sites 
occupied and also much more targets desorbed. Fluoranthene desorption concentrations are lower than the 
corresponding concentrations of the hard acid metallic cations, and even show no dissolution in terminal 
stage by Hg2+ solution. Together with the desorption results from section 3.4.1, although fluoranthene 
belongs to borderline base, it tend to be desorbed by the acid cation solutions and it’s desorption level 
improved with increasing acid metallic ions hardness However, this process was inhibited by the soft 
acidic cation solutions. Fluoranthene tend to interact with the weaker hardness soft acid cations. So, 
fluoranthene is considered to be a borderline base behaving as a soft base. 
2.4.3. Borderline acid 
The concentrations of phenanthrene and fluoranthene desorbed by Cu2+, Zn2+, Fe2+ cation solutions are 
higher than that desorbed by the other two kind of acidic metallic ions(Fig.5). It indicates if the targets 
desorption need to be improved, borderline acidic metallic cations could be considered as the first choice. 
If we solely judge the metallic cations type by acid bond parameters, Cu2+ belongs to soft acid and Zn2+ 
belongs to hard acid [13, 14]. Based on the classification of hard and soft acid base, as well as the former 
experimental results, Cu2+ is a borderline acid cation behaving as a hard acid cation.  
Soft base phenanthrene was easily desorbed from the soil particles by the borderline acid Cu2+, which 
acid bond parameter close to hard acid. Oppositely, borderline base fluoranthene tend to desorbed by the 
Zn2+ solution. And the acid bond parameter is close to soft acid. The effective level of typical borderline 
acid Fe2+ on targets desorption was higher than soft acidic metal cations and hard acidic cations with 
relatively lower acid bond parameters, but lower than the hard acidic metal cation with higher acid bond 
parameter. 
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Fig.5. Desorption of phenanthrene and fluoranthene in solution with Cu2+ (A), Zn2+ (B), Fe2+ (C) metallic cations 
3. Conclusions 
Ion strength show effects on desorption of phenanthrene and fluoranthene, but not significant. Metallic 
cation species and characteristics of phenanthrene and fluoranthene were the main factors. According to 
the Pearson “HSAB” principle, phenanthrene is soft base; fluoranthene is borderline base behaving as 
hard base. Phenanthrene and fluoranthene desorption could be improved by Ba2+, Al3+, Ca2+ acidic cations, 
and the tendency decreases with the metallic cations hardness. Hg2+, Ag+ played an inhibition role on the 
targets desorption, especially on fluoranthene. Phenanthrene tends to interact with the borderline base 
Cu2+ behaving as soft acid. Fluoranthene was borderline base behaving as hard base. It tended to be 
desorped by the solution of Zn2+, which is a borderline acid behaving as hard acid. 
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